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(54) PVD vapor source 

(57) Apparatus includes a tubular source for thermal 
physical vapor deposition of organic layers in making 
organic light-emitting devices defines a cavity for receiv- 
ing organic material. The tubular source (210) is con- 
trol labiy heated to vaporize the organic material in the 
cavity (212) and to provide a vapor stream exiting the 
cavity through a line of openings (214) extending into 
the cavity. The apparatus defines a reduced pressure 
chamber having the tubular source and an OLED struc- 
ture on which is deposited an organic layer. Relative mo- 
tion between the source and the structure ensures that 
a relatively unifonn layer of organic material is deposited 
on the structure. 
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Description 



[00011 The present invention relates to physical vapor 
deposition of organic layers in manufacture of organic 
light-emitting devices, and more particularly to appara- 
tus which includes a linear tubular source for thermal 
physical vapor deposition of such organic layers. 
[0002] An organic light-emitting device, also referred 
to as an organic electroluminescent device, can be con- 
stnjcted by sandwiching two or more organic layers be- 
tween first and second electrodes. 
[0003] In a passive matrix organic light-emitting de- 
vice (OLED) of conventional construction, a plurality of 
laterally spaced light-transmissive anodes, for example 
indium-tin-oxide (ITO) anodes, are fomied as first elec- 
trodes on a light-transmissive substrate such as, for ex- 
ample, a glass substrate. Two or more organic layers 
are then fomied successively by vapor deposition of re- 
spective organic materials from respective sources 
within a chamber held at reduced pressure, typically 
less than 10^ Torr. A plurality of laterally spaced cath- 
odes are deposited as second electrodes over an up- 
permost one of the organic layers. The cathodes are ori- 
ented at an angle, typically at a right angle, with respect 
to the anodes. 

[0004] Such conventional passive matrix organic 
light-emitting devices are operated by applying an elec- 
trical potential (also refen-ed to as a drive voltage) be- 
tween appropriate columns (anodes) and, sequentially 
each row (cathode). When a cathode is biased nega- 
tively with respect to an anode, light is emitted from a 
pixel defined by an overiap area of the cathode and the 
anode, and emitted light reaches an observer through 
the anode and the substrate. 

[0005] In an active matrix organic light-emitting device 
(OLED), an an-ay of anodes are provided as first elec- 
trodes by thin-film transistors (TFTs) which are connect- 
ed to a respective light-transmissive portion. Two or 
more organic layers are fomied successively by vapor 
deposition in a manner substantially equivalent to the 
constmction of the aforementioned passive matrix de- 
vice. A common cathode is deposited as a second elec- 
trode over an uppermost one of the organic layers The 
construction and function of an active matrix organic 
light-emitting device is described in US-A-5,550,066 
the disclosure of which is herein incorporated by refer- 
ence. 

[0006] Organic materials, thicknesses of vapor-de- 
posited organic layers, and layer configurations, useful 
in constructing an organic light-emitting device, are de- 
scnbed. for example, in US-A-4.356,429; US-A- 
4,539,507; US-A-4.720,432; and US-A-4,769,292. the 
disclosures of which are herein incorporated by refer- 
ence. 

[0007] Thermal physical vapor deposition is a well- 
known technique for coating a substrate or structure 
with a material that is held In a container, the deposition 
source, and which is heated to tiie point at which vapor- 



ization (by evaporation or by sublimation) of the material 
occurs. The vapor leaves the deposition source and 
condenses on a substrate or structure to be coated with 
alayerof ti)e material. 

5 [0008] Various configurations of deposition sources 
have been contemplated or are commercially available 
for thermal physical vapor deposition of inorganic ma- 
tenals. metals and metal alloys, and organic materials. 
Such known deposition sources are frequently designed 
'0 for particular applications, for example, metallization of 
a structure, fabrication of organic protective layers, or 
deposition of inorganic layers on a structure. 
[0009] Themial physical vapor deposition of organic 
materials, and more particulariy of organic materials 
15 useful in making organic light-emitting devices, pose 
several challenges. Such organic materials can have 
relatively complex molecular stnjctures with relatively 
weak molecular bonding forces, so tiiat care must be 
taken to avoid decomposition of the organic material(s) 
20 during the vaporization process. Additionally, many or- 
ganic materials are relatively poor ttiermaf conductors 

particulariy when lnapowder-orflake-form,tfiereby lim- 
iting the utility of conventional deposition sources for 
reasons related to spatially non-uniform heating of or- 
25 game materials in such sources witfi attendant spatially 
non-uniform vaporization of organic material and. tiiere- 
fore, potentially non-unifomn vapor-deposited organic 
layers formed on a substrate or structure. 
[0010] Such potential non-unifonnity of organic layers 
30 can become more pronounced, or even detrimental 
when substrates or structures of relatively larger dimen^ 
sions or areas are to be coated witfi one or several or- 
ganic layers. 

[0011] Awell-establishedapproachtoachievingcoat- 
35 ings or layers of unifomn thickness on a substrate or 
structure having relatively large dimensions is based on 
positioning a deposition source with respect to ttie sub- 
strate so that the source is spaced in a vertical direction 
from tile substrate by a relatively large distance, and is 
40 offset in a lateral direction with respect to a center of tfie 
substrate. The substrate or stmcture is then rotated fre- 
quently in a so-called planetary or ort)ital motion, and 
vapor deposition commences. Thickness unifonnity of 
a layer generally increases with increasing lateral offset 
45 between tiie source and the center of the substrate to 
be coated up to a distance where a center of tfie depo- 
sition source is approximately congruent witii an outer 
edge of tfie rotating substrate. 
[0012] A disadvantage of tfie above-described ap- 
50 proach is tfiat much of the material to be vaporized by 
tfie source is wasted in the form of deposits formed in 
other portions of a deposition chamber. Such waste of 
matenal may be acceptable when ttie cost of a starting 
material is relatively low. However, such waste becomes 
55 a significant problem in cases where relatively expen- 
sive, highly purified and relatively complex organic ma- 
tenals are used to fomi. for example, organic layers in 
an organic light-emitting device. 
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[0013] It is an object of the present invention to pro- 
vide an apparatus for thermal physical vapor deposition 
of organic layers in manufacture of organic light-emitting 
devices. 

[0014] It is another object of the present Invention to s 
provide an apparatus for fonning an organic layer on a 
structure as part of an organic light-emitting device. 
[001 5] It is a further object of the invention to provide 
a tubular thermal physical vapor deposition source for 
forming organic layers In manufacture of organic light- io 
emitting layers. 

[0016] These and other objects of the present inven- 
tion are achieved in an apparatus for vapor-depositing 
an organic layer onto a structure which will provide part 
of an organic light-emitting device, comprising: is 

a) a housing defining a chamber and a pump con- 
nected to the chamber for producing a reduced 
pressure therein, the structure being positioned In 
the chamber in a deposition zone; zo 

b) a tubular themnal physical vapor deposition 
source disposed in the chamber and spaced from 
the structure, the source defining a cavity for receiv- 
ing organic material to be vaporized, and the organ- 
ic material having a vapor pressure which is sub- 25 
stantially greater than the reduced pressure in the 
chamber; 

c) the tubular physical vapor deposition source de- 
fining a line of openings extending Into the cavity, 

the line of openings being arranged so that vapor- 30 
ized organic material is deposited into the deposi- 
tion zone onto the structure; 

d) means for controllably heating the tubular vapor 
deposition source to cause the organic material to 
fomn a vapor at a controlled rate, the vapor being 35 
distributed throughout the cavity and exiting the 
cavity through the line of openings at a controlled 
rate; and 

e) means for providing relative linear motion be- 
tween the tubular vapor deposition source and the ^0 
structure so that the vapor of organic material In the 
deposition zone causes fonmation of a uniformly 
thick vapor-deposited organic layer on the struc- 
ture. 

45 

ADVANTAGES 

[0017] A feature of the present invention is that the 

tubular vapor deposition source can be readily scaled 

with respect to the dimensions of substrates or struc- so 

tures which are to receive an organic layer. 

[001 8] Another feature of the present invention is that 

a tubular vapor deposition source can readily be heated 

for effective deposition of organic material. 

[001 9] Anotiier feature of the present invention Is that ss 

a tubular vapor deposition source can be disposed at 

relatively close spacing witti respect to a substrate or 

structure so tiiat an organic layer can be deposited on 
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the substrate or structure witii reduced waste of organic 
material. 

FIG. 1 is a schematic perspective view of a passive 
matrix organic light-emitting device having partially 
peeled-back elements to reveal various layers; 
FIG. 2 is a schematic perspective view of a appa- 
ratus suitable for making relatively large numbers 
of organic light-emitting devices (OLEDs) and hav- 
ing a plurality of stations extending from hubs; 
FIG. 3 is a schematic section view of a earner con- 
taining a relatively large number of substrates or 
structures, and positioned in a load station of the 
system of FIG. 2 as indicated by section lines 3-3 
in FIG. 2; 

FIG. 4A is a schematic plan view of a single OLED 
device substrate; 

FIG. 4B is a schematic plan view of a multiple-de- 
vice substrate; 

FIG. 5 shows a partially sectioned top view of one 
embodiment of a tubular thermal physical vapor 
deposition source assembly which includes a cylin- 
drical tubular source beatable by heat lamps, in ac- 
cordance with an aspect of the present invention; 
FIG. 6 Is a schematic section view of the assembly 
taken along the section lines 6-6 of FIG. 5; 
FIG. 7 Is a schematic section view of a vapor dep- 
osition station dedicated to fomning vapor-deposit- 
ed organic hole-transporting layers (HTL) on a sub- 
strate or structure in the system of FIG. 2 as indi- 
cated by section lines 7-7 in FIG. 2, and showing 
schematic end views of the assembly of FIG. 5 be- 
ing moved by a lead screw to provide a unifonnly 
vapor-deposited organic hole-transporting layer 
over the substrate or structure; 
FIG. 8 shows a schematic top view of a portion of 
the HTL vapor deposition station of FIG. 2, and in- 
dicating forward and reverse motion of the assem- 
bly of FIG. 5 from and to a parked position in which 
vapor deposition is monitored by a sensor, in ac- 
cordance with an aspect of the present invention; 
FIG. 9 is a schematic longitudinal section view of 
the assembly of FIG. 5 operative in the HTL vapor 
deposition station of FIG. 2, and showing vapor of 
organic hole-transporting material inside a cavity of 
a tubular source and vapor exiting the source 
through a line of openings to define a deposition 
zone, in accordance with an aspect of the present 
Invention; 

FIG. 10 is a schematic exploded perspective view 
of another embodiment of a tubular thermal physi- 
cal vapor deposition source assembly which in- 
cludes a rectangular tubular source beatable by 
heat lamps and a heat shield having a cooling coll 
on an outer surface, in accordance with an aspect 
of tiie invention; 

FIGS. 11 A and 11 B are schematic top views of an- 
otiier embodiment of a tubular thermal physical va- 
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por deposition source assembly In which a tubular 
source Is heatable by a heating elenrient, wherein 
FIG. 11 A depicts a spiral heating element, and 
FIG. 11 B shows a serpentine heating element, in 
accordance with an aspect of the present invention; 
FIG. 12 is a schematic longitudinal section view of 
another embodiment of a tubular thennal physical 
vapor deposition source assembly in which a cavity 
of a tubular source is heatable by a heat lamp dis- 
posed wittiin the cavity, in accordance witt) an as- 
pect of the present invention; 
FIG. 13 is a schematic longitudinal section view of 
anottier embodiment of a tubular ttiem^al physical 
vapor deposition source assembly in which a tubu- 
lar source is directiy heatable by passing electrical 
cun-ent from one end to another end of the tubular 
source, in accordance witti an aspect of ttie present 
invention; 

FIGS. 14A-14C show schematically a relationship 
between a thickness profile across a substrate or 
structure and a tubular source spacing from the 
substrate or structure, wherein: 
FIG. 14A depicts a spacing D1; 
FIG. 14B depicts a spacing 2xD1; and 
FIG. 14C shows the thickness profiles of a complet- 
ed organic hole-transporting layer across the struc- 
ture for three spaclngs between a tubular source 
and the structure during vapor deposition; 
FIGS. 15A and 158 show top views of simplified 
models of a tubular source In which openings ex- 
tending into a cavity of the source are modified near 
end portions of a line of openings to provide im- 
proved unifomiity of tiilckness of a vapor-deposited 
organic layer across a structure, in accordance witti 
an aspect of the present invention; 
FIG. 15A shows openings having a fixed diameter 
along the line of openings and a progressively 
smaller center-to-center distance between open- 
ings near end portions of the line of openings; and 
FIG. 158 shows openings having a fixed center-to- 
center distance between openings along the line of 
openings and a progressively increasing diameter 
of openings near end portions of the line of open- 
ings; and 

FIGS. 16A-16F depict partial perspective views of 
various designs of tubular vapor deposition sources 
useful in the practice of ttie invention, 
wherein 

FIG. 16A shows a tubular source having a circular 
cross-section; 

FIG. 168 shows a tubular source having a horizon- 
tal ellipsoidal cross-section; 
FIG. 16C shows a tubular source having a vertical 
ellipsoidal cross-section; 

FIG. 16D shows a tubular source having a square 
cross-section; 

FIG. 16E shows a tubular source having a vertical 
rectangular cross-section; and 



FIG. 16F shows a tubular source having a hexago- 
nal cross-section. 



[0020J The drawings are necessarily of a schematic 
5 nature since layer ttiickness dimensions of organic light- 
emitting devices (OLEDs) are frequently in ttie sub-mi- 
crometer ranges, while features representing lateral de- 
vice dimensions can be In a range of 50-500 millimeter. 
Also, ttie various embodiments of a tubular vapor dep- 
10 osition source are schematic representations in ttiat the 
openings are difficult to scale in size and in center-to- 
center spacing. Accordingly, the drawings are scaled for 
ease of visualization rather ttian for dimensional accu- 
racy. 

'5 10021] The temri -substrate- denotes a light-trnnsmis- 
sive support having a plurality of laterally spaced first 
electrodes (anodes) prefonned ttiereon, such substrate 
being a precursor of a passive matrix OLED. The term 
"stmcture- is used to describe the substrate once it has 
20 received a portion of a vapor-deposited organic layer, 
and to denote an active matrix an-ay as a distinction over 
a passive matrix precursor. 

[0022] Turning to FIG. 1. a schematic perspective 
view of a passive matrix organic light-emitting device 
25 (OLED) 10 is shown having partially peeled-back ele- 
ments to reveal various layers. 
[0023] A llght-transmlssive substrate 11 has fomied 
ttiereon a plurality of laterally spaced first electrodes 12 
(also referred to as anodes). An organic hole-transport- 
30 ing layer (HTL) 1 3. an organic light-emitting layer (LEL) 
14, and an organic electron-transporting layer (ETL) 15 
are formed in sequence by a physical vapor deposition 
as will be described In more detail hereinafter. A plurality 
of laterally spaced second electrodes 16 (also referred 
35 to as cattiodes) are formed over tfie organic electron- 
transporting layer 15, and in a direction substantially 
perpendicular to ttie first electrodes 12. An encapsula- 
tion or cover 1 8 seals environmentally sensitive portions 
of the stnicture. tfiereby providing a completed OLED 

40 10. 

[0024] Tuming to FIG. 2, a schematic perspective 
view of a apparatus 100 is shown which is suitable for 
manufacture of a relatively large number of organic light- 
emitting devices using automated or robotic means (not 
45 shown) for transporting or transferring substrates or 
structures among a plurality of stations extending from 
a buffer hub 1 02 and from a transfer hub 1 04. A vacuum 
pump 106 via a pumping port 107 provides reduced 
pressure within the hubs 102, 104, and wittiin each of 
50 the stations extending from these hubs. A pressure 
gauge 108 indicates ttie reduced pressure wittiin ttie 
system 1 00. The pressure can be In a range from about 
10-3 to 10-6Torr. 

[0025] The stations include a load station 1 1 0 for pro- 
55 viding a load of substrates or stmctures, a vapor depo- 
sition station 130 dedicated to fomiing organic hole- 
transporting layers (HTL), a vapor deposition station 
140 dedicated to fonning organic light-emitting layers 
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(LEL), a vapor deposition station 1 50 dedicated to form- 
ing organic electron-transporting layers (ETL), a vapor 
deposition station 160 dedicated to forming the plurality 
of second electrodes (cathodes), an unload station 103 
for transferring structures from the buffer hub 1 02 to the 
transfer hub 104 which, In turn, provides a storage sta- 
tion 1 70, and an encapsulation station 1 80 connected 
to the hub 104 via a connector port 1 05. Each of these 
stations has an open port extending into the hubs 102 
and 104, respectively, and each station has a vacuum- 
sealed access port (not shown) to provide access to a 
station for cleaning, replenishing materials, and for re- 
placement or repair of parts. Each station includes a 
housing which defines a ctiamber. 
[0026] FIG. 3 is a schematic section view of the load 
station 110, taken along section lines 3-3 of FIG. 2. The 
load station 110 has a housing 11 OH which defines a 
chamber 110C. Within the chamber is positioned a car- 
rier 111 designed to carry a plurality of substrates 11 
having prefonned first electrodes 12 (see FIG. 1). An 
alternative carrier 111 can be provided for supporting a 
plurality of active matrix structures. Carriers 111 can al- 
so be provided In the unload station 1 03 and In the stor- 
age station 170. 

[0027] Turning to FIGS. 4A and 4B, a single OLED 
device substrate 11 A and a multiple-device substrate 
11B, respectively, are shown in schematic plan views. 
The single OLED device substrate 11 A has disposed on 
a surface thereof a plurality of first electrodes or anodes 
12A which are depicted for illustrative purposes as ex- 
tending parallel with a width dimension S2, or normal to 
a length dimension SI of the substrate. 
[0028] The multiple-device substrate 1 1 B is shown for 
illustrative purposes as having nine identical spaced- 
apart device substrates denoted 11B-1 (a first device 
substrate), 1 1 B-2, 1 1 B-3, through 1 1 B-9 (a ninth device 
substrate). Scribe-and-break lines 11 B (x;y) are shown 
in dashed outline. Upon completed manufacture, for ex- 
ample in the OLED apparatus 100 of FIG. 2, multiple 
OLEDs are provided by scribing and breaking the sub- 
strate along the lines 11 B (x;y). Each of the device sub- 
strates 1 1 B-1 through 1 1 B-9 has a plurality of first elec- 
trodes or anodes 1 2B which extend in a direction parallel 
with a width dimension S4 of the multiple-device sub- 
strate 11B, or normal to a length dimension S3 thereof. 
[0029] The length dimensions can be chosen at any 
dimension. The OLED apparatus 100 can be adapted 
to manipulate, position, provide vapor-deposited layers 
over, and provide encapsulation for devices, formed on 
substrates or structures with the chosen dimension. 
[0030] The width dimensions S2 and S4 are depicted 
here to suggest a rectangular outiine of the substrates 
11 A and 11 B. It will be appreciated that square-shaped 
substrates can be selected as well. 
[0031 ] The substrates 1 1 A and 1 1 B are typically glass 
substrates having indium-tin-oxide (ITO) first electrodes 
or anodes 12A and 12B, respectively, preformed over a 
substrate surface. 



[0032] Turning to FIG. 5 and FIG. 6, FIG. 5 shows a 
partially sectioned top view of a tubular thermal physical 
vapor deposition source assembly 200, and FIG. 6 is a 
schematic section view of tiie assembly taken along the 

5 section lines 6-6 of FIG. 5. The assembly 200 includes 
a cylindrical tubular source 210, a heat shield 240 
spaced from the source by heat shield supports 232 and 
234, and heat lamps 251 , 252, and 253 extending axially 
between tiie tubular source 21 0 and tiie heat shield 240, 

10 witii the heat lamps held in position by the heat shield 
supports 232 and 234. The tubular source can also be 
called a linear vapor deposition source. The heat shield 
supports 232 and 234 are preferably constructed of a 
thermally and electrically insulative material such as, for 

15 example, a ceramic material or quartz. These heat 
shield supports are fixedly attached proximate the axial 
ends of tiie tubular source. End caps 222 and 224 seal- 
ingly engage axial ends of tiie cylindrical tubular source 
210 so that the sealed tubular source defines a cavity 

20 212. Sealing engagement between the tubular source 
21 0 and tiie end caps 222 and 224 is provided by mating 
tiireads (not shown), bayonet-type fastening (not 
shown) or by other removable sealing means, so that 
access is provided to the cavity for replenishment of or- 

25 ganic material therein and for cleaning of the cavity 21 2, 
If required. The cavity 21 2 has a height dimension H (an 
Inside diameter of the tubular source 21 0 when it has a 
cylindrical cross-section), and the cavity contains a 
charge of organic hole-transporting material 13a which 

30 was introduced by removing one or both of the end caps 
222 and/or 224. 

[0033] A line of openings 214 fomned In the tubular 

source 21 0 extend into the cavity 212. The line of open- 
ings has a length dimension L (taken from the leading 

35 edge of the first opening in the line to the trailing edge 
of the last opening in the line) which is at least three 
times greater than the height dimension of the cavity 
212. The openings 214 are circular openings having a 
diameter d and a center-to-center spacing or pitch 1 . 

40 [0034] The heat lamps 251 , 252, and 253 are linear 
heat tamps having a central filament such as, for exam- 
ple, tiie filament 251 F shown in FIG. 5. Such heat lamps 
are commercially available from numerous suppliers 
and are refen-ed to as quartz tungsten halogen lamps, 

45 halogen quartz lamps, or tubular quartz halogen lamps. 
Each of the heat lamps has two lamp leads for a con- 
nection to a power source. For example, the heat lamp 
251 has lamp leads 251 a and 251 b, the heat lamp 252 
has lamp leads 252a and 252b, and the heat lamp 253 

50 has lamps leads 253a and 253b. These lamp leads al- 
low for electrical connection of the three lamps either in 
parallel or In series. When energized, tiie heat lamps 
heat the cylindrical tubular source 210 so that a portion 
of the organic material 1 3a will vaporize to fomn a vapor 

55 of organic material which uniformly spreads throughout 
tiie cavity 2 1 2 and which exits the cavity tiirough the line 
of openings 214. This will be described in more detail 
with reference to FIG. 9. 
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[0035] The heat shield 240 can be constructed of a 
metal such as. for example, aluminum having a heat- 
reflective surface 242 facing the heat lamps. Heat shield 
temriinations 244 and 246 are shaped so that the line of 
openings 214 is revealed. 

[0036] The assembly 200 is substantially symmetri- 
cally disposed about a center line CL. While three heat 
lamps are shown for Illustrative purposes, it will be un- 
derstood that fewer or more heat lamps can be used. 
The cylindrical tubular source 210 is preferably con- 
stmcted of a metal having high themial conductivity 
such as, for example, copper. 
[0037] The application of the tubular tiiemial physical 
vapor deposition source assembly 200 of FIGS. 5 and 
6 In the organic HTL vapor deposition station 1 30 of FIG. 
2 may be better understood by viewing FIG. 7 in con- 
junction with FIG. 8, wherein 

FIG. 7 Is a schematic section view of the HTL sta- 
tion 130. taken along the section lines 7-7 of FIG. 2, and 
showing the substrate 11 B of FIG. 4B and the assembly 
200 disposed within a chamber 1 30C defined by a hous- 
ing 130H of the station 130, and 

FIG. 8 is a schematic top view of a portion of the 
chamber 130C, and indicating fonvard motion "F" and 
reverse motion "R- of the assembly 200 from and to a 
"pariced" position "I". 

[0038] With the tubular source assembly 200 being in- 
itially in the "part<ed" position indicated in solid outline 
a substrate 118 (or a structure 11) is inserted into a 
frame mask 131 FM supported by a holder 131. by ro- 
botic means from the buffer hub 1 02 of the OLED aoDa- 
ratuslOOof FIG.2. 

[0039] The tubular source 21 0 is operative and con- 
trolled as detailed hereinafter, so that vapor I3v of or- 
ganic hole-transporting material exits the cavity 212 
through tiie line of openings 21 4 while tine tubular source 
assembly remains in the "parked" position. In this posi- 
tion, tile vapor 13v forms a deposit on a sensor 301 
which Is disposed on a rotatable sensor support 320, 
and which is rotatable via a spindle 321 having a seal 
327 in tfie housing 130H. tiie spindle 321 attached to a 
rotator 325. The sensor 301 , depicted here as a crystal 
mass-sensor, provides a signal con-esponding to a 
mass of deposited material to an input terminal 416 of 
a deposition rate monitor 420 via a lead 410. The dep- 
osition rate monitor can be adjusted to provide a select- 
ed deposition rate of organic hole-transporting material 
on the sensor 301 . A signal con-esponding to the select- 
ed deposition rate is provided at an output tenninal 422 
of the deposition rate monitor and is applied to an input 
terminal 426 of a controller or amplifier 430 via a lead 
424. A lead 434 connects an output tenninal 432 of the 
controller 430 witii an input tenninal 436 of a source 
power supply 440. 

[0040] One output temfiinal 444 of the source power 
supply 440 Is connected to a feedttirough 446 via lead 
445. and another output terminal 447 is connected to a 
feedthrough 449 via a lead 448. 



[0041] Lamp leads 251 a. 252a, and 253a (see FIGS. 
5 and 6) are shown connected to ttie feedtiirough 449 
and lamp leads 251 b, 252b, and 253b are connected to 
the feedthrough 446. 
s [0042] For purposes of clarity of the drawings, tine 
heat lamps 251 , 252, and 253 are shown here in a par- 
allel connection. It will be appreciated that the heat 
lamps can be electrically connected in series. 
[0043] By adjusting the deposition rate monitor 420 to 
^0 provide a selected deposition rate, the source power 
supply 440 will provide a corresponding electrical power 
to the heat lamps which, in turn, causes tiie organic 
hole-transporting material 13a in the cavity 212 of the 
tubular source 21 0 (see FIG. 6) to vaporize in the cavity 
'5 and to exit tfie cavity as vapor I3v tfirough the line of 
openings 214 for forming a deposit on the sensor 301 
at tfie selected rate. 

[0044] The sensor 301 can be cleaned by rotating ttie 
sensor into a cleaning position 303. shown in dashed 
20 outiine, via the rotatable sensor support 320. The clean- 
ing position 303 is shielded by a shield 329 from the va- 
por 1 3v, and cleaning, that is removal in whole or in part 
of organic material fonned on the sensor 301 , Is provid- 
ed by radiation directed at tfie sensor in the cleaning 
25 position from a cleaning radiation unit 390R via a lens 
or lenses 392L, a radiation-transmlsslve window 392W 
disposed in ttie housing 130H. and a min-or 392M. 
[0045] Upon achievement of a desired vapor deposi- 
tion rate, as measured by the sensor 301 in the form of 
30 a mass change of organic material condensing thereon 
from the vapors 1 3v, the source assembly 200 Is moved 
linearty witfi respect to ttie substrate 11B from ttie 
■pari<ed" position (indicated at "I" In FIG. 8) in a fonvard 
direction T' past an intemiediate position (indicated at 
35 -II' in FIG. 8), and shown in dashed outilne, to a final or 
terminal position (indicated at "III" in FIG. 8) at a location 
beyond an edge of the substrate 11B (an edge shown 
to ttie left of the substrate in FIGS. 7 and 8). 
[0046] The source assembly 200 is then moved 
^ translated, or scanned linearty from the position "111" in 
a reverse direction "R" past an intemiediate position to 
retum to ttie "part<ed" position r in which tfie previously 
adjusted and controlled vapor deposition rate can be 
verified or can be readjusted if required. 
^5 [0047] The linear fonwardCF-) and reverse (-R-) mo- 
tion of ttie source assembly 200 witti respect to the sub- 
strate are provided by a lead screw 282 which matingly 
engages a ttireaded bore 262 fomned in a glide bracket 
260. The glide bracket 260 is attached to ttie heat shieid 
50 240, and has a tongue 260T (see FIGS. 9 and 1 2) which 
slideably engages a groove 270G fonned in a glide sup- 
port 270. The glide support 270 is shown attached to an 
intenor wail of ttie housing 130 for lilustrative purposes 
only 

55 [0048] The lead screw282 includes a lead screw shaft 
281 which extends ttirough ttie housing 1 30H via a shaft 
seal 287 to a motor 280 for rotating ttie lead screw shaft 
281. A fonvard direction "F" and a reverse direction "R- 
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of the rotation of the motor 280 is selectable by a switch 
285 which provides a signal at an Input terminal 284 to 
actuate either fonvard rotation "F" or reverse rotation "R" 
of the motor, and to provide corresponding fonvard and 
reverse linear motions of the tubular vapor deposition 
assembly 200 within the chamber 130C. 
[0049] The cleaning radiation unit 390R, the deposi- 
tion rate monitor 420, and the controller 430 and source 
power supply 440 have been omitted from the drawing 
of FIG. 8. 

[0050] The line of openings 214 are spaced from the 
substrate 1 1 B (or from a substrate 1 1 A or a structure 1 1 ) 
by a predetenDined distance D which is in a prefen-ed 
range from 2-1 0 centimeter (cm) to provide a uniform 
layer 13f of organic hole-transporting material being 
fonfned over the substrate following a fonvard ("P) 
translation of the source assembly 200 with respect to 
the substrate, and to provide a completed organic hole- 
transporting layer 13 (see FIG. 1) on the substrate fol- 
lowing the reverse ("R") linear motion, translation, or 
scan of the source assembly on its retum to the "parked" 
position. 

[0051] As schematically shown in FIG. 8, a length di- 
mension L of the line of openings 214 is greater than a 
width dimension S4 of the substrate 1 1 B (depicted with- 
out the holder 131 and frame mask 131 FM to preserve 
clarity of the drawing) to ensure that a uniform coating 
thickness of a layer or deposit 13f being fonned, and of 
a completed layer 13 can be achieved across the width 
dimension S4 of the substrate. Additionally, the line of 
openings 214 in the "parked" position I of the source as- 
sembly 200 is positioned sufficiently to the right of a right 
edge of the substrate 11 B so that the substrate does not 
receive an organic deposit in this position, and the line 
of openings is positioned to the left of a left edge of the 
substrate in the tenninal or final position III of the motion 
of the source assembly so that the substrate continues 
to receive a fractional deposit of organic hole-transport- 
ing material just prior to actuation of the reverse linear 
motion "R" of the assembly 200 with respect to the sub- 
strate. 

[0052] Although not shown in the drawings, it will be 
appreciated that relative motion between a tubular ther- 
mal physical vapor deposition source assembly and a 
substrate or structure can be provided by linear motion 
of the frame mask 131FM within the holder 131 with re- 
spect to a fixedly positioned source assembly 200 which 
would, in this case, be rotated 90*" compared to the 
source orientations shown in FIGS. 7 and 8. 
[0053] FIG. 9 is a schematic longitudinal section view 
of the vapor deposition source assembly 200 of FIG. 5 
which is shown operative in the HTL vapor deposition 
station 1 30 of FIG. 2. Only one heat lamp 252 is shown, 
with lamp leads 252a and 252b connected to the source 
power supply 440 via the feedthroughs 449 and 446, 
respectively. 

[0054] The glide bracket 260 is attached to the heat 
shield 240 and has a threaded bore 262 (for engaging 



the lead screw 282 of FIGS. 7 and 8) and includes a 
tongue 260T. The tongue 260T slideably engages the 
groove 270G fomned in the glide support 270. 
[0055] The heat lamps (251 , 252, and 253 shown in 
5 FIG. 6) receive sufficient electrical power from the 
source power supply 440 to heat the tubular source 21 0 
so that the organic hole-transporting material 1 3a dis- 
posed in the cavity 212 vaporizes by sublimation or by 
evaporation so that vapor 13b is spread or distributed 
unlfonnly throughout the cavity 21 2. This is achieved be- 
cause a vapor pressure of the organic hole-trans- 
porting material 13a is significantly higher than the re- 
duced pressure in the chamber 130C. For example, 
the pressure in the chamber may be reduced to 10'^ 
Torr, while the vapor pressure of the organic mate- 
rial may be about 10*2 Ton' at a temp of about 300**C 
prevailing in the cavity 212. 

[0056] The pressure of the vapor 13b in the cavity 
reaches equilibrium value which is determined by a flux 
of vapor 13v which exits the cavity 212 through the 
openings 214 to be projected into the chamber 130C 
held at the pressure P^. 

[0057] At the distance Dfrom the line of openings 214, 
a deposition zone DZ can be defined by a length dimen- 
sion and a width dimension Wq^. Within the plane 
of the deposition zone DZ the fiux of vapors 13v is sub- 
stantially uniform, and a substrate or structure Is prefer- 
ably positioned within the deposition zone. 
[0058] Turning to FIG. 10, a tubular thermal physical 
vapor deposition source assembly 500 is shown in a 
schematic exploded perspective view. A rectangular tu- 
bular source 510 is beatable by heat lamps 551, 552, 
and 553 so as to vaporize organic hole-transporting ma- 
terial 13a disposed in the cavity 512 and to provide va- 
por exit from the cavity through the line of openings 51 4 
(end caps have been omitted from the drawing of FIG. 
10). The height dimension H for this tubular source is 
shown in FIG. 10. 

[0059] The heat shield 540 includes a heat shield 
cooling coil 548 disposed over at least a portion of the 
exterior surface of the heat shield 540. The heat shield 
cooling coil 548 can be used to flow a cooling fluid or a 
cooling gas through the coll so that the heat shield 540 
can remain relatively cool during operation of the tubular 
source 500. 

[0060] Numeral designations of like or similar parts of 
the assembly 500 correspond to designations of parts 
of the previously described assembly 200. For example, 
the heat lamps 551-553 correspond to the heat lamps 
251-253 of FIGS. 5 and 6, and the heat-reflective sur- 
face 542 of the heat shield 540 corresponds to the heat- 
reflective surface 242 of the heat shield 240 of FIGS. 5 
and 6. 

[0061 ] FIGS. 1 1 A and 1 1 B are schematic top views of 
a tubular themnal physical vapor deposition source as- 
sembly 600 in which a tubular source 610 is beatable 
by a spiral heating element 655 (FIG. 11 A) or by a ser- 
pentine element 656 (FIG. 11B). 
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[0062] In these embodiments, the tubular source 61 0 
Is constructed of a material having a relatively high ther- 
mal conductivity and being electrically substantially in- 
sulative. Boron nitride (BN) is a material useful In con- 
structing a tubular source 610 which has a cavity 612 
beatable by heating elements disposed around an ex- 
terior surface of the tubular sourceeiO. Heating element 
leads 655a and 655b extend from the spiral heating el- 
ement 655, and heating element leads 656a and 656b 
extend from the serpentine heating element 656. 
[0063] Numerical designations of like or similar parts 
of the assembly 600 correspond to designations of parts 
of the previously described assembly 200. For example, 
the openings 614 con-espond to the openings 214 de^ 
scribed with reference to FIGS. 5 and 6. 
[0064] Turning to FIG. 12. a schematic longitudinal 
section view of a tubular thennal physical vapor depo- 
sition source assembly 700 is shown. A heat lamp 757 
having a filament 757F is disposed inside the cavity 712 
at a position uppenwardly from a center line CL in a di- 
rection towards tine openings 714 of the tubular source 
71 0. The heat lamp 757 is supported by heat shield sup- 
ports 732 and 734 which also function as end caps for 
sealing tine axial ends of the tubular source 710. Lamp 
leads 757a and 757b extend from the heat lamp 757. A 
cavity seal 758 can be removed to provide access to the 
cavity 712 for replenishing the organic hole-transporting 
material 13a in the cavity when required. The glide 
bracket 760 attached to ttie heat shield 740 is depicted 
here with a dovetail tongue 760T. 
[0065] Numerical designations of like or similar parts 
of the assembly 700 con-espond to designations of parts 
of the previously described assembly 200. For example, 
tiie openings 71 4 con-espond to the openings 214 of the 
assembly 200 described with reference to FIGS. 5 and 
6. 

[0066] Turning to FIG. 13, a schematic longitudinal 
section view of a thermal physical vapor deposition 
source assembly 800 is shown in which a tubular source 
81 OJ is constructed of a material having a relatively low 
electrical conductivity such as, for example, tantalum or 
molybdenum to provide for direct heating (Joule heat- 
ing) of tfie source 81 OJ. 

[0067] Electrically conductive end caps 859A and 
8598 are in electrical contact with axial ends of the tu- 
bular source 81 OJ. End cap leads 859a and 859b are 
connected to corresponding end caps by an end cap 
connector 859c, and these leads are connected to a 
source power supply (not shown). 
[0068] A cavity seal 858 is shown disposed in tiie end 
caps 8598, and provides access to tiie cavity 812 when 
required. 

[0069] Numerical designations of like or similar parts 
of tiie assembly 800 con-espond to designations of parts 
of the previously described assembly 200. For example, 
tiie heat shield supports 832 and 834 correspond to the 
heat shield supports 232 and 234 described with refer- 
ence to tiie assembly 200 to FIGS. 5 and 6. 



[0070] FIGS. 1 4A to 1 4C show schematically a rela- 
tionship between a ttiickness profile across a substrate 
or stojcture and a tubular source spacing from the sub- 
strate or structure, wherein 
5 FIG. 14A depicts a spacing D1 . 

FIG. 148 depicts a spacing of 2xD1 , and 
FIG. 14C shows tiie thickness profiles of a com- 
pleted organic hole-transporting layer 13 across the 
stmcture for the spacing D1. 2xD1. and for a spacing 
10 0.5xD1 (not shown in FIGS. 14A and 14B). 

[0071] The housing 130H defining the chamber 130C 
(see FIGS. 7, 8. and 9), as well as means for heating 
the tubular source 210, have been omitted from ttie 
drawings of FIGS. 14A and 14B. The substrate or struc- 
'5 ture 11 Is shown witti tiie dimensions S2 or S4, corre- 
sponding to the width dimensions of the substiates of 
FIG. 4A and FIG. 4B, respectively. 
[0072] The configurations of the tubular source 210 
and openings 214 with respect to tiie substrate shown 
20 in FIGS. 1 4A and 1 48 are similar to the configurations 
depicted in FIGS. 8 and 9. 

[0073] The diameter d of the openings 2 1 4, tiie cent- 
er-to-center spacing or pitch 1 between openings, and 
ttie lengtii dimension L of the line of openings are iden- 
25 tical in FIGS. 14A and 14B, with L>S2 (S4). 

[0074] An organic hole-transporting layer 13f being 
formed on the substrate or stmcture 11 has a thickness 
t(f) over a central portion of the substrate or stmcture. 
The tiiickness t(f) decreases from tiie central-portion 
30 value towards tfie edge portions of ttie structure 1 1 be- 
cause vapor streams 13v emanating from openings 214 
located near end portions of tiie line of openings do not 
contribute to providing a uniform vapor flux directed to- 
wards tiie stmcture 11. 
35 [0075] For illustrative purposes, such thickness de- 
crease of tiie layer 13f towards ttie edge portions has 
been exaggerated. However, it will be evident from a 
comparison of the layers 13f being fomied at the spac- 
ing D1 (FIG. 14A) and at ttie spacing 2xD1 (FIG. 148) 
^ ttiat ttie layer 13f formed at ttie larger source-to-sub- 
strate spacing has a more restricted central portion of 
thickness t(f) and, accordingly, a more pronounced de- 
crease of thickness towards edge portions of ttie sub- 
strate or structure 11. 
45 [0076] This effect is summarized in FIG. 14C, which 
shows ttiickness profiles (expressed in ternis of nonnal- 
ized ttiickness) of a completed organic hole-transporting 
layer 13 prepared at ttiree different spacings between 
ttie openings 214 and ttie structure 11. 
50 [0077] FIGS. 15A and 15B Show top Views Of Simpli- 
fied models of a tubular source In which openings 214 
extending into ttte cavity 21 2 of the tubular source 21 OA 
(FIG. 15A) and 21 OB (FIG. 15B) are modified near end 
portions of a line of openings which has a length dimen- 
55 slon L1 so ttiat an Improved unifomiity of ttiickness of a 
vapor-deposited organic layer can be achieved across 
a structure. 

[0078] In FIG. 15A, all openings 214 have a diameter 
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d. Over a central portion of the source 21 OA, the open- 
ings have a center-to^center spacing 1 . Near end por- 
tions of the line of openings, the center-to-center dis- 
tance between openings decreases progressively. For 
example, the distance 1 Is larger than the distance 11, 
which is larger than 12, and 12 is larger than 13. 
[0079] This configuration of openings 214 enhances 
the vapor flux of vapors 13v near the end portions of the 
line of openings, and the length dimension LI of the line 
of openings can approximate the dimension of the struc- 
ture S2 (S4) compared with the length dimension L as 
shown in FIGS. 14A and 14B. Thus, the configuration 
of openings 214 of the source 21 OA will provide an im- 
proved uniformity of thickness of an organic layer across 
a structure. 

[0080] In FIG. 15B, all openings 214 of the tubular 
source 21 OB have a center-to-center distance 1. Over 
a central portion of the line of openings, the openings 
have a diameter d1. Near end portions of the line of 
openings the diameter of the openings increases pro- 
gressively. For example, the diameter d1 Is smaller than 
the diameter d2, which is smaller than the diameter dS 
of these openings. 

[0081] This configuration of openings also enhances 
the vapor flux of vapors 13v near the end portions, and 
the length dimension LI can approximate the dimension 
of the structure, S2 (S4) compared with the length di- 
mension L of the line of openings shown in FIGS. 14A 
and 14B. Thus, this configuration of openings provides 
an Improved uniformity of thickness of an organic layer 
across a structure. 

[0082] FIGS. 16A-16F depict partial perspective 

views of various designs of tubular vapor deposition 
sources useful in the practice of the invention, 
wherein: 

FIG. 16A shows a tubular source 91 OA having a 
circular cross-section and including a cavity 91 2A and 
a line of openings 91 4A extending into the cavity; FIG. 
16B shows a tubular source 91 OB having a horizontal 
ellipsoidal cross-section and including a cavity 91 2B 
and a line of openings 91 4B extending into the cavity; 
FIG. 1 6C shows a tubular source 91 DC having a vertical 
ellipsoidal cross-section and including a cavity 91 2C 
and a line of openings 91 4C extending into the cavity; 
FIG. 1 6D shows a tubular source 91 OD having a square 
cross-section and Including a cavity 91 2D and a line of 
openings 91 4D extending Into the cavity; FIG. 16E 
shows a tubular source having a vertical rectangular 
cross-section and Including a cavity 91 2E and a line of 
openings 91 4E extending into the cavity; and FIG. 16F 
shows a tubular source 91 OF having a hexagonal 
cross-section and including a cavity 91 2F and openings 
91 4F extending into the cavity. 
[0083] It will be appreciated that an embodiment of a 
tubular thermal physical vapor deposition source as- 
sembly can be incorporated into each one of the vapor 
deposition stations 130, 140, and 150 of the OLED ap- 
paratus 100 shown In FIG. 2 to provide corresponding 



organic layers on a structure. 
[0084] Other features of the invention are included be- 
low. 

[0085] The apparatus wherein the line of openings 

s formed In the source include a plurality of circular open- 
ings each having a diameter d and a center-to-center 
spacing or pitch 1 , and the line of openings is spaced 
from the structure by a predetermined distance. 
[0086] The apparatus wherein the line of openings 

10 fomned in the source include a central portion of circular 
openings having a diameter d and a center-to-center 
spacing or pitch 1 , and end portions of circular openings 
having the diameter d and a progressively decreasing 
center-to-center spacing or a progressively Increasing 

15 pitch 11,12, and 1 3, respectively, wherein 1 > 11 >1 2>1 3, 
so that a unifonn desired thickness of an organic layer 
is deposited on the structure. 
[0087] The apparatus wherein the line of openings 
fomied in the source include a central portion of circular 

20 openings having a diameter d1 and a center-to-center 
spacing or pitch 1 , and end portions of circular openings 
having the pitch 1 and a progressively increasing diam- 
eter d1 , d2, and d3, respectively, wherein d1 <d2<d3, so 
that a unifonn desired thickness of an organic layer is 

25 deposited on the structure. 

[0088] The apparatus wherein the relative motion 
means includes a rotatable lead screw which engages 
a threaded bore disposed in a glide bracket being fixedly 
attached to a portion of the heat shield so that the tubular 

30 vapor deposition source can be slideably translated 
along a glide support disposed within the chamber. 
[0089] The apparatus wherein the relative motion 
means includes means for continuously translating the 
tubular vapor deposition source from a parked position 

35 in a first or fonward direction to provide a partially formed 
organic layer across the structure, and means for con- 
tinuously translating the tubular vapor deposition source 
in a second or reverse direction for return to the parked 
position to provide a completely formed organic layer 

^0 across the structure. 

[0090] The apparatus further Includes sensing means 
disposed in the chamber within the deposition zone of 
the tubular vapor deposition source and oriented with 
respect to the parked position of the source for sensing 

45 a rate at which the vapor of organic material is provided 
by the source through the line of openings therein, the 
sensing means providing an electrical signal which cor- 
responds to such sensed rate, and the electrical signal 
being used to control the means for controllabty heating 

50 the tubular vapor deposition source. 

[0091] The apparatus further including means for 
cleaning the sensing means by removing in part or In 
full organic material vapor-deposited on the sensing 
means so that such sensing means can be reused with- 

55 out disruption of vapor deposition. 

[0092] The apparatus further including means for 
cooling the heat shield. 

[0093] A tubular physical vapor deposition source for 
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use in a pressure reduced chamber to deposit an organ- 
ic layer on a structure which will provide an OLED, com- 
prising: 

a) a housing defining a cavity adapted for receiving s 
organic material to be vaporized therein, the hous- 
ing having a line of openings extending into the cav- 
ity, such line of openings having a length dimension 
which is at least three times greater than a height 
dimension of the cavity, and the line of openings de- io 
positing organic material into a deposition zone on- 
to the structure; and 

b) means for controllably heating the tubular vapor 
deposition source to cause the organic material to 
fomri a vapor at a controlled rate, the vapor being is 
distributed throughout the cavity and exiting the 
cavity through the line of openings at a controlled 
rate. 

[0094] The source further Including a heat shield, the 20 
heat shield defining another opening over the line of 
openings. 

[0095] The source further Including a metal having a 
relatively high thennal conductivity, and the cavity has 
a circular cross-section, an ellipsoidal cross-section, or 25 
a polygonal cross-section. 

[0096] The source wherein the means for controllably 
heating the tubular vapor deposition source includes a 
plurality of heat lamps spacedly disposed between ttie 
tubular vapor deposition source and the heat shield, the 3o 
heat lamps being electrically connected In parallel or in 
series and being heated by electrical power provided by 
a controllable source power supply. 
[0097] The source wherein the means for controllably 
heating the tubular vapor deposition source Includes at 35 
least one heat lamp disposed within the cavity, the at 
least one heat lamp being heated by electrical power 
provided by a controllable source power supply. 
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1 . Apparatus for vapor-depositing an organic layer on- 
to a stnjcture which will provide part of an organic 
light-emitting device, comprising: 45 

a) a housing defining a chamber and a pump 
connected to the chamber for producing a re- 
duced pressure therein, the sft-ucture being po- 
sitioned in tiie chamber In a deposition zone; so 

b) a tubular thennal physical vapor deposition 
source disposed In the chamber and spaced 
from tfie structure, tfie source defining a cavity 
for receiving organic material to be vaporized, 

and the organic material having a vapor pres- ss 3. 
sure which is substantially greater than the re- 
duced pressure in the chamber; 

c) the tubular physical vapor deposition source 



defining a line of openings extending Into the 
cavity, the line of openings being arranged so 
tiiat vaporized organic material is deposited in- 
to the deposition zone onto tiie stixtcture; 

d) means for controllably heating the tubular va- 
por deposition source to cause tiie organic ma- 
terial to fomi a vapor at a controlled rate, the 
vapor being distiibuted tfiroughout the cavity 
and exiting the cavity through the line of open- 
ings at a controlled rate; and 

e) means for providing relative linear motion be- 
tween tile tubular vapor deposition source and 
tile stmcture so that the vapor of organic mate- 
rial in tfie deposition zone causes formation of 
a uniformly thick vapor-deposited organic layer 
on the structure. 

!. Apparatus for vapor-depositing an organic layer on- 
to a stmcture which will provide part of an organic 
light-emitting device, comprising: 

a) a housing defining a chamber and a pump 
connected to the chamber for producing a re- 
duced pressure therein, the structure being po- 
sitioned in the chamber in a deposition zone; 

b) a tubular tfiemial physical vapor deposition 
source disposed in tiie chamber and spaced 
from the stiijcture, the source defining a cavity 
for receiving organic material to be vaporized, 
the cavity having a lengtfi dimension and a 
height dimension, and the organic material hav- 
ing a vapor pressure which is substantially 
greater than tiie reduced pressure in the cham- 
ber; 

c) the tubular physical vapor deposition source 
defining a line of openings extending into tiie 
cavity, the line of openings having a lengtti di- 
mension which is at least tiiree times greater 
than the height dimension of the cavity, and the 
line of openings depositing organic material in- 
to tiie deposition zone onto tfie structure; 

d) means for controllably heating tiie tubular va- 
por deposition source to cause the organic ma- 
terial to fornn a vapor at a controlled rate, the 
vapor being distributed throughout the cavity 
and exiting tiie cavity tfirough the line of open- 
ings at a controlled rate; and 

e) means for providing relative linear motion be- 
tween tiie tubular vapor deposition source and 
tiie structure so that the vapor of organic mate- 
rial in the deposition zone causes fonnation of 
a unifomnly thick vapor-deposited organic layer 
on the structure. 

The apparatus of claim 2 further including a heat 
shield, ttie heat shield defining anottier opening 
over tiie line of openings formed In the tubular vapor 
deposition source. 
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4. The apparatus of claim 3 wherein the tubular vapor 
deposition source includes a metal having a rela- 
tively high thermal conductivity, and the source hav- 
ing a circular cross-section, an ellipsoidal cross- 
section, or a polygonal cross-section. s 

5. The apparatus of claim 3 wherein the means for 
controilably heating the tubular vapor deposition 
source includes a plurality of heat lamp spacedly 
disposed between the tubular vapor deposition io 
source and the heat shield, the heat lamps being 
electrically connected in parallel or in series and be- 
ing heated by electrical power provided by a con- 
trollable source power supply. 

15 

6. The apparatus of claim 2 wherein the means for 
controilably heating the tubular vapor deposition 
source includes at least one heat lamp disposed 
within tiie cavity, tiie at least one heat lamp being 
heated by electrical power provided by a controlla- 20 
ble source power supply. 

7. The apparatus of claim 2 wherein the tubular vapor 
deposition source has a circular cross-section and 
Includes a material having a relatively high tiiennal 2S 
conductivity and a substantially low electrical con- 
ductivity. 

8. The apparatus of claim 7 wherein tfie means for 
controilably heating the tubular vapor deposition 30 
source includes at least one heating element dis- 
posed about an outer surface of the tubular vapor 
deposition source, the at least one heating element 
being heated by electrical power provided by a con- 
trollable source power supply. 35 

9. The apparatus of claim 2 wherein the tubular vapor 
deposition source includes material having a rela- 
tively low electrical conductivity, and tiie source has 

a circular cross-section, an ellipsoidal cross-sec- ^ 
tion, or a polygonal cross-section. 

10. The apparatus of dalm 9 wherein the means for 
controilably heating tiie tubular vapor deposition 
source includes means for direct heating of the tu- 45 
bular vapor deposition source by applying a voltage 
between axial terminations of the tubular vapor dep- 
osition source, and a controllable source power 
supply for supplying the voltage. 
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